n = 105) and the second part (July 2014-June 2018, n = 92) of the analyzed time period. Results: Overall, 132 cases resulted in death. The proportion of fatal cases for sedation was similar to general anesthesia (66.2% vs. 76.3%). The proportion of cases with permanent injury or death decreased significantly in the second part of the period compared with the first part (76.1% vs. 93.3%, P = 0.002). With a growing trend in the proportion of sedation cases, a similar number of sedation and general anesthesia cases were referred during the overall period (77 and 76 cases, respectively). Propofol-based regimens remained the dominant sedation method (89.7% in the first part vs. 78.9% in the second part). The most common adverse event in cases of permanent injury or death was identified as being respiratory in origin (98/182, 53.8%). Permanent injuries or deaths were related to local anesthetic systemic toxicity (LAST) and beach-chair positioning for shoulder surgery, in 8 and 5 cases, respectively. Conclusions: Despite the decreasing trend in injury severity with time, several characteristic injury profiles were identified: lack of vigilance in propofol-based sedation, neurological injuries related to the beach-chair position, and LAST occurring during tumescent anesthesia or brachial plexus block. 
Introduction
Following a recent increase in public expectations of the health care system and awareness of patient rights, the number of malpractice litigations in South Korea has increased [1] . As anesthesia is more likely to be associated with malpractice claims than other procedures [2] , the Korean Society of Anesthesiologists (KSA) has constructed a database, based on expert consultation referrals of anesthesia-related issues since July 2009. Using these data, the KSA Legislation Committee produced several analytical papers [3] [4] [5] , one of which [3] led to a great deal of public interest in anesthesia safety; in particular, the safety of propofol sedation.
Along with changes in the social environment, there have been substantial changes in the health care system during recent years, such as designation of propofol as a controlled substance, creation of the Korean guidelines for propofol-based sedation, the introduction of fees for 'monitored anesthesia care' and 'recovery after general anesthesia' in the national insurance program, and governmental regulation of operation rooms in local clinics. As a follow-up to the previous report [3] , we decided to investigate trends in medical disputes relating to surgical anesthesia during recent years.
While most medicolegal studies have used closed claims data for analysis, our data was obtained from expert consultation referrals for unsettled medical disputes. Considering the time delay between occurrence of an injury and its appearance in the closed claims database (an estimated 5-6 years for Supreme Court decisions in South Korea), the KSA database allows for analysis of more recent cases. In addition, the KSA database encompasses more diverse case files than do closed claim files because medical disputes do not necessarily lead to medical litigation.
In this report, an analysis of the KSA database covering case files for surgical anesthesia from July 2009 to June 2018 was performed to identify trends in injury and substandard care associated with anesthesia. Comparative analysis of the case files submitted during the first part (July 2009-June 2014) and those submitted during the second part (July 2014-June 2018) of the study period was also carried out.
Materials and Methods
This study is a retrospective analysis of all the case files regarding surgical anesthesia collected by the KSA between July 2009 and June 2018. Since July 2009, the KSA Legislation Committee has constructed a web-based database for evaluating adverse anesthetic outcomes obtained from the case files of expert consultation referrals. A detailed description of the data collection process has been reported previously [3, 4] .
During the study period, 410 cases were referred to our committee for expert consultation (police departments, 153 cases; courts, 249 cases; others [e.g., other administrative agencies or referred directly from members of the Korean Medical Association], 8 cases). Of these, simple academic consultation cases with inadequate detail, and cases unrelated to surgical anesthesia (i.e., those from pain clinics) were excluded. Because of repeated consultation requests, 58 further cases were excluded, giving a total of 197 cases eligible for the final analysis (Fig. 1) . For analysis purposes, the study period was divided into 2 subperiods: July 2009-June 2014 and July 2014-June 2018.
Patient and case characteristics, adverse outcomes, and the role of substandard care in outcomes were compared between the 2 time periods. Adverse outcomes were classified as 'adverse events' or 'complications' .
An 'adverse event' refers to the primary mechanism causing injury and a 'complication' is the injury itself [6] . Adverse events were classified into broad categories based on the physiologic system or anesthesia technique implicated in the injury: respiratory events, cardiovascular events, nervous system events, allergic or adverse drug reactions, drug administration errors (wrong drug or dose), equipment problems, hepatic or renal events, endocrine events, thermal events, infectious events, and others. The nature of the adverse event was determined by the primary 
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Medical disputes relating to anesthesia reviewer and later confirmed by the Legislation Committee. For further analyses, the 11 categories of adverse event were subcategorized according to specific causative mechanisms, most of which are self-explanatory.
Complications were classified into 4 categories: temporary, permanent/minor, permanent/major, and death. Severe brain damage, quadriplegia, or paraplegia requiring lifelong care or having a fatal prognosis were considered to be 'permanent/ major' injuries; other permanent injuries were considered to be 'permanent/minor' .
In each case, the appropriateness of anesthesia care was rated by the primary reviewer using a 9-point numerical rating scale (NRS). This scale was designed by combining the 9-point NRS and a 3-category preventability scale (avoidable; NRS 1-3, possibly avoidable; NRS 4-6, probably unavoidable; NRS 7-9), which is known to have acceptable inter-rater reliability [7] . 
Statistical analysis

Results
Of 197 cases included in the final analysis, 105 were referred in the first part of the study period (July 2009-June 2014) and 92 were referred in the second part (July 2014-June 2018).
Overall, 132 cases resulted in death. † Complications were classified into 4 categories: temporary, permanent/minor, permanent/major, and death. 'Permanent/major' injuries included severe brain damage, quadriplegia, and paraplegia requiring lifelong care or having a fatal prognosis; other permanent injuries were considered to be 'permanent/minor' . ‡ Appropriateness of anesthesia care was graded on a 1-9 point scale (1 = completely avoidable injury, 9 = completely unavoidable injury, if an appropriate standard of care had been used). Then, they were classified into a 3-category preventability scale (1-3, avoidable; 4-6, possibly avoidable; 7-9, probably unavoidable).
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Comparison of case characteristics between the 2 time periods
The proportion of cases with permanent injury or death decreased significantly in the second half of the study period compared with the first half (76.1% vs. 93.3%, P = 0.002). The distribution of anesthesia types was significantly different between the 2 time periods (P = 0.036), with an increasing trend in the proportion of sedation cases over time (37.1% in the first part vs. 41.3% in the second part) ( Table 1) .
Injuries arising from the induction phase of anesthesia decreased in the second part compared with the first part (8 Table 1) . Among sedation cases, only 1 case was associated with induction of anesthesia in the second part, compared with 6 cases in the first part ( Table 2) .
In 76 cases (38.6% of all cases), the injuries were determined to be 'avoidable (1-3 in a 9-point NRS)' if an appropriate standard of care had been used ( Table 1 ). The appropriateness of anesthesia care, graded using a 9-point NRS, was not different between 
Analysis of sedation cases
The safety measures for sedation did not change significantly between the first and second parts of the study period, as evidenced by pre-anesthetic testing (no test: 82.1% vs. 71.1%), intraoperative monitoring (absence of pulse oximetry: 15.4% vs. 18.4%), and administration of supplemental oxygen (without oxygen: 61.5% vs. 78.9%) ( Table 2 ). However, the proportion of injuries arising from the induction phase decreased in the second part of the study period (2.6%, 1/38) compared with the first part (15.4%, 6/39) ( Table 2) .
Propofol-based regimens remained as the dominant sedation method among all sedation cases (89.7% [35/39] in the first part vs. 78.9% [30/38] in the second part). Death occurred in 69.2% (45/65) of all cases involving propofol-based sedation, with a similar mortality between the 2 time periods (P = 0.195) (Fig. 2) . Propofol-based sedation was usually provided simultaneously with the surgical/diagnostic procedure by the non-anesthesiologists who performed the operation (85.7% in the first part vs. 93.3% in the second part). Appropriateness of anesthetic care was graded on a 1-9 point scale (1 = completely avoidable injury, 9 = completely unavoidable injury, if an appropriate standard of care had been used). Then, they were classified into a 3-category preventability scale (1-3, avoidable; 4-6, possibly avoidable; 7-9, probably unavoidable). 
Medical disputes relating to anesthesia
Adverse events in cases with permanent injury or death during the overall study period Table 3 lists the adverse events in cases of permanent (minor or major) injury or death. Among these, the most common adverse events were respiratory in nature (98/182, 53.8%). The most common type of respiratory issues was 'hypoxia secondary to airway obstruction or respiratory depression' in both time periods. The second part of the period showed a decreasing trend for difficult intubation, aspiration, and bronchospasm compared with the first part (3, 0, and 1 vs. 8, 5, 5 cases, respectively).
Although cardiovascular events were the second most common adverse events throughout the study period, the 2 subclasses of cardiovascular events (acute myocardial infarction and pulmonary embolism) showed a declining trend in cases with permanent injury or death.
Notably, there was a growing trend toward local anesthetic systemic toxicity (LAST) cases, which accounted for 4.4% of the events leading to permanent injury or death. Of these, 5 cases were related to tumescent anesthesia for liposuction (n = 3) and osmidrosis (n = 2). The others occurred during brachial plexus block (n = 3).
There were 5 cases of permanent injury or death in patients undergoing shoulder surgery in the beach-chair position. Among these, there were 2 cases of death or vegetative state due to cerebral infarction, and 1 of death due to acute myocardial infarction. In 2 other cases, death was unrelated to patient position. Rather, the cause of death was identified as LAST during brachial plexus block performed under general anesthesia and failed airway management after premature extubation, respectively.
Discussion
Both the medicolegal environment and governmental policy pertaining to the health care system significantly influence trends in clinical practice. Our analysis of contemporary cases of medical disputes will enable practitioners to improve their understanding of recent trends in anesthesia-related injuries and thus deliver targeted interventions in specific cases susceptible to litigation.
Changes in severity and types of injury throughout the 2 time periods
The most positive finding of our analysis was the decrease in the proportion of cases resulting in death or permanent/major injury, from 93.3% in the first part of the study period to 76.1% in the second part. This may reflect the overall improvement in anesthesia practice, although our analysis included a small sample size. Another possibility is that patients and their families became more inclined to sue for less serious anesthesia-related injuries.
In the analysis, the second part of the study period showed a decreasing trend in cases of difficult intubation, aspiration, and bronchospasm compared with the first part. This decrease in fatal respiratory adverse events may also have led to the reduced severity of injuries in the second part of the study period.
Although the proportion of cardiovascular events in cases with permanent injury or death was similar between the 2 time periods, our analysis showed a decreasing trend in cases attributable to acute myocardial infarction. In South Korea, the incidence of overall coronary heart disease has consistently increased due to westernization of the diet, changes in lifestyle, and aging of the population. However, the incidence of hospitalized acute myocardial infarction has shown a decreasing tendency [8] . In this regard, a decreasing trend for acute myocardial infarction cases may be attributable to improved preoperative Values are presented as numbers of cases.
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management, including preanesthetic evaluation.
Lack of improvement in 'patient safety' in sedation
During the overall study period, an almost equal number of sedation and general anesthesia cases were referred to the KSA for academic consultation regarding medical disputes (77 and 76 cases, respectively). Compared to the first part of the period (July 2009-June 2014), the second part (July 2014-June 2018) showed a higher proportion of sedation cases. In addition to the increase in number, sedation cases showed a high proportion of patient injuries, similar to those seen in general anesthesia cases (overall mortality: 66.2% vs. 76.3%, respectively).
In particular, 84.4% of all sedation cases involved propofol-based regimens, and this high proportion did not differ between the 2 time periods. This finding might be partially related to an increase in the number of the denominator (overall propofol-based sedation), especially in diagnostic gastrointestinal endoscopy and esthetic surgery [9, 10] . The analysis demonstrated that safety measures for propofol-based sedation were similar throughout the study period in terms of preanesthetic evaluation, intraoperative monitoring, supplemental oxygen therapy, and documentation. In particular, 64.6% of the injuries related to propofol-based sedation were considered preventable with better monitoring or more timely management for adverse events.
Considering that the proportion of injuries arising from the induction phase decreased in the second part of the study period (2.6%, 1/38) compared with the first part (15.4%, 6/39), it is likely that practitioners grew more cautious regarding the potential cardio-respiratory risks of sedative drugs including propofol during this phase. However, this vigilance did not extend to the maintenance phase of sedation. Among propofol-based sedation cases, sedation was typically provided simultaneously with the surgical/diagnostic procedure by non-anesthesiologists who performed the operation (85.7% in the first part of the study period and 93.3% in the second part). Most practitioners, especially in the context of a surgical/diagnostic procedure, are prone to concentrate on the surgical field or endoscopy monitor rather than the patient's respiration. Such a phenomenon, known as 'inattentional blindness' , was best evidenced by the famous "invisible gorilla" psychological experiment [11] .
In addition, detection of apnea or hypoventilation may be delayed by using a pulse oximeter only [12] . Thus, the KSA guidelines strongly advocate an additional health professional solely for patient monitoring throughout propofol-based sedation [13] . As most propofol-based sedation cases are for simple or superficial operations that are performed in relatively healthy patients, strict adherence to practical guidelines may improve patient safety significantly.
Safety issues regarding the beach-chair position for shoulder surgery
As reported above, there were 5 cases of permanent injury or death in patients undergoing shoulder surgery in the beachchair position. Of these, there were 2 cases of death or vegetative state due to cerebral infarction, and 1 death due to acute myocardial infarction. In the remaining cases, death was unrelated to patient position.
The beach-chair position is commonly used for both arthroscopic and open shoulder surgeries because of the ease of transition from a supine to an upright position, excellent intra-articular visualization, reduced bleeding, and a lower incidence of traction neuropathy. However, the beach-chair position can cause significant neurologic complications, ranging from cranial nerve injury to infarction, which are hypothesized to occur secondary to cerebral hypoperfusion [14] . In addition, incorrect head and neck positioning in the beach-chair position can reduce vertebral artery blood flow or impede cerebral venous drainage, resulting in mid-cervical quadriplegia or cerebral infarct [14] .
Another notable complication unique to the beach-chair position is sudden, profound hypotension and bradycardia events (HBEs). Although HBEs (a form of vasovagal syncope mediated by the Bezold-Jarisch reflex), are largely self-limiting, they can lead to potentially catastrophic complications [14, 15] . In particular, a combination of the beach-chair position and brachial plexus block is known to precipitate frequent and severe vasovagal episodes [16] . Although in this analysis, adverse events of 2 cases were classified as LAST and acute myocardial infarction, precipitation of HBEs could not be ruled out. This is because, brachial plexus blocks were used in those cases. Thus, practitioners must be cognizant of the complications unique to the beach-chair position and should take extra care, including preoperative identification of patients at high risk for cerebral ischemia (e.g., those with diabetes, autonomic neuropathy, or cerebrovascular disease), maintenance of a safe position of the head and neck during surgery, and intraoperative maintenance of cardiac output and mean arterial pressure.
LAST occurring during tumescent anesthesia or brachial plexus block
In total, 8 cases of permanent injury or death were attributed to LAST. Of these, 5 were related to tumescent anesthesia for liposuction of the abdomen (n = 2) and face (n = 1), and 2 to axillary osmidrosis. Except for 1 case resulting in a vegetative state, all cases resulted in death.
Originally developed to facilitate liposuction, the use of tumescent anesthesia has expanded to encompass various der-
VOL. 72, NO. 2, AprIL 2019
Medical disputes relating to anesthesia matologic and plastic surgeries. Although well-tolerated, this technique is not without safety risks, given the high volume of lidocaine frequently administered. Generally, 0.01%-0.1% lidocaine with epinephrine at a total dose of 35-55 mg/kg is used in tumescent anesthesia for liposuction [17] . The maximum safe dose of tumescent lidocaine for liposuction is still uncertain because of the highly variable volumes of lidocaine removed by liposuction, and the intense local vasoconstriction associated with concurrent use of epinephrine [17, 18] . Risk factors for LAST include impaired liver or renal function, use of higher concentrations of lidocaine, rapid injection, perivascular injection, and omission of epinephrine from the tumescent formulation [17] . Thus, practitioners should be vigilant regarding the signs and symptoms of LAST, prepare algorithms for its use, and ensure rescue equipment and drugs including lipid emulsion, are available.
The other form of LAST identified was inadvertent intravascular injection of local anesthetic during brachial plexus block (n = 3), in which a mixture of lidocaine and ropivacaine was used. The incidence of LAST is greater with brachial plexus block than neuroaxial blocks because larger-than-usual doses of local anesthetics are used, and injections are made in and around large vascular channels in the head, neck, and axillary regions [19] .
This type of adverse event is preventable via basic precautions during administration of local anesthetic: selecting the lowest possible dose to achieve the clinical objective, injecting incrementally so that the entire dose is not administered at once; aspirating frequently; and using epinephrine to detect intravascular injection [20] . In addition, all the necessary drugs and equipment required for LAST management should be immediately at hand.
Limitation of the KSA database analysis
As stated in previous KSA reports [3] [4] [5] , this study should be interpreted cautiously due to the inherent limitations of this type of analysis: being retrospective in nature, employing nonrandomized data collection, lacking denominator data, and showing a bias toward classifying care as substandard in cases with poor outcomes [2, 6] . Criticism could also be leveled at the short study period for investigating trends in anesthetic practices. However, as stated in the introduction section of this paper, there have been substantial changes in the health care system and social environment surrounding anesthetic practices during the study period.
In conclusion, this study demonstrated reduced severity of anesthesia-related injuries during the second part of the analysis period (July 2014-June 2018) compared with the first (July 2009-June 2014). Compared with the first part, the proportion of sedation cases increased in the second part, such that there was a similar number of sedation and general anesthesia cases in both periods.
Our analysis also revealed several 'typical' injury profiles: a lack of safety measures for propofol-based sedation, neurological injuries related to use of the beach-chair position for shoulder surgery, and LAST occurring during tumescent anesthesia or brachial plexus block. Thus, greater emphasis on patient safety is necessary in these clinical situations.
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